Four dead canine pups (5-12 days old) from 3 litters in Douglas County of north central Colorado were submitted to the Colorado State University Diagnostic Laboratory for necropsy. Pups were originally presented to the referring clinics for respiratory tract illness, with or without diarrhea. At necropsy, the lungs from all pups had similar lesions, including random foci of hemorrhage and failure to collapse on opening of the thoracic cavity. The lungs were histologically characterized by subacute interstitial pneumonia, with alveolar septa expanded by a histiocyte-rich infiltrate with a few lymphocytes and neutrophils. The alveolar spaces were filled with moderate amounts of proteinaceous fluid, foamy macrophages, and a few neutrophils. Lungs from 3 of the 4 pups were test positive for canine distemper virus (CDV) by use of reverse transcriptase-polymerase chain reaction (RT-PCR) analysis. Immunohistochemically stained lungs, including those from the pup that were CDV negative, by use of RT-PCR analysis, were test positive for CDV antigen in bronchial and bronchiolar epithelial cells and in a few alveolar macrophages. Central nervous system lesions were not observed in any of the 4 pups. These cases represent an unusual presentation of canine distemper in neonatal pups marked by respiratory tract lesions without central nervous system involvement. Canine distemper should be considered in the differential diagnosis of neonatal canine respiratory tract illness.
<!?show "fnote_aff1"$^!"content-markup(./author-grp [1] /aff|./author-grp [1] /dept-list)> Canine distemper (CD), caused by a morbillivirus (canine distemper virus [CDV]), is a serious and contagious illness of domestic dogs. Along with members of the family Canidae, other carnivore families such as Felidae, Hyaenidae, Mustelidae, Procyonidae, Ursidae, Ailuridae, and Viverridae also are susceptible to CDV. 1, 2 In dogs, the disease is most prevalent at 3-6 months of age, when passive, maternally derived, immunity wanes. Clinical manifestations of CD include: pneumonia, acute and chronic demyelinating encephalitis, diarrhea, conjunctivitis, nasal and digital hyperkeratosis, and pustular dermatitis. 3, 4 The disease is highly contagious, and CDV is transmitted mainly by aerosolization of infected respiratory tract secretions.
Disease course and manifestation are largely dependent on viral strain and host immune status. Following respiratory tract infection, the virus multiplies in macrophages and is distributed to regional lymphoid organs. With adequate immunity, the virus is cleared by neutralizing antibody and cell-mediated mechanisms, without overt clinical signs of disease being manifested. Dogs with inadequate to poor immunity develop variable degrees of systemic disease, often with ensuing acute or chronic neurologic complications. By postinfection day 6, there is widespread systemic infection with concomitant pyrexia and lymphopenia. Subsequently, by day 10, the virus spreads to various epithelial tissues and the nervous system, leading to clinical signs of respiratory and nervous system dysfunction and intestinal and dermatologic lesions. 4, 5 Canine distemper virus has been documented to cross the placental barrier, causing abortion, birth of weak pups, and development of neurologic disease in infected newborns. Neonatal infection is reported to be associated with thymic atrophy, necrotizing encephalitis, and experimentally, with necrotizing cardiomyopathy. 4, 6, 7 Presented here is a series of cases of CDV infection in neonatal pups, in which the principal manifestation was interstitial pneumonia without evidence of overt neurologic or generalized lesions. These cases originated over a period of 5 months from 3 canine litters in Douglas County of central Colorado. Pup 1 was a 5-day-old, male West Highland White Terrier. The history indicated weight loss, regurgitation, sneezing, diarrhea, restlessness, and hypothermia. Three other pups from this litter exhibited loose feces and sneezing, and responded to treatment with antibiotics. Their dam did not manifest any signs of illness during pregnancy, had not been vaccinated during gestation, and had a current vaccination schedule. This dam had 2 previous healthy litters, but 1 pup from the second litter had succumbed to aspiration pneumonia. Pups 2 and 3 were female pups from a different litter of West Highland White Terriers. They were 9 and 12 days old, respectively, and were submitted with a history of labored breathing and inability to gain weight. Three other pups from this litter did not manifest any clinical signs of disease. The dam of this litter also was clinically normal during this period and did not receive vaccinations during gestation. This dam had lost pups in previous litters, but the cause of death was not pursued. The 2 West Highland White Terrier dams were not related, and were not in direct physical contact.
Pup 4, a 7-day-old female, was submitted from a litter of 8 Labrador Retrievers, of which 4 had died after episodes of emesis, diarrhea, dehydration, and hypothermia. The dam was a primiparous bitch with no history of vaccination during gestation and no apparent disease during pregnancy and after parturition.
Routine necropsy at the Colorado State Veterinary Diagnostic Laboratory revealed similar lesions in all pups. There was a variable amount of coagulated blood around the nares. The lungs had multiple foci of hemorrhage along with edema; they failed to collapse on opening of the thoracic cavity and palpated firmer than normal. In all 4 pups, all other organs were devoid of gross lesions.
Following necropsy, representative samples from all major organs were fixed in phosphate-buffered 10% formalin, and paraffin-embedded sections of these tissues were examined histologically after staining with hematoxylin & eosin (HE). All pups had marked, subacute, interstitial pneumonia ( Fig. 1 ). The alveolar septa were markedly expanded by edema and with an infiltrate of macrophages and lesser numbers of lymphocytes and neutrophils. The alveoli were filled with lightly eosinophilic proteinaceous fluid, foamy macrophages, a few fibrin aggregates, degenerate cells, and a few multinucleate cells. There were multiple foci of hemorrhage in the alveoli. All other organs including the brain (cerebral cortex, brain stem, and cerebellum), spleen, liver, kidney, and the digestive tract were histologically normal. The characteristic intracytoplasmic or intranuclear, eosinophilic, inclusion bodies of CDV were not observed in the lungs, gastrointestinal tract mucosa, urothelium, brain, or other visceral organs in any of the 4 pups.
Fresh lung tissues from all 4 pups were submitted for CDV-specific RT-PCR analysis. The RNA was extracted from lung specimens using the RNeasy Mini Kit, a and RT-PCR analysis was performed as described by Shin et al. 10 Briefly, primers were selected from the nucleocapsid protein gene of CDV Onderstepoort strain. The primer sequences are as follows: forward, 59CATAGAAGTTGA-TAATGCTGAGC39, and reverse, 59CTGAGCCTC-TACTCTTCCACCTA39. Amplification using these primers yields a 129-bp product. The RT-PCR analysis was carried out in 10-ml reactions using 5 U of AMV Reverse Transcriptase b and 4.75 ml of template RNA. The reactions were incubated at 45uC for 45 minutes for the reverse transcription step. The PCR amplification was conducted in 50-ml reactions using 1.0 mM each forward and reverse primers and 2.5 U of Biolase DNA Polymerase. c Forty microliters of the PCR master mix was added to each of the 10-ml reverse transcription reactions. The PCR amplification was performed in an Techne Genemate thermocycler d with a cycle containing incubations at 94, 58, and 72uC for 1 minute each for 35 cycles, followed by a final extension at 72uC for 5 minutes. Results were analyzed by agarose gel electophoresis on a 1.5% agarose gel. e Immunohistochemical (IHC) analysis for CDV was done on formalin-fixed and paraffin-embedded sections of lungs from pups 1-3 at the Oklahoma Animal Disease Diagnostic Laboratory (OADDL). Briefly, heat-induced epitope retrieval was performed using 0.01 M sodium citrate buffer, pH 6.0, for 9 minutes in a pressure cooker. The IHC analysis was performed using a Dako autostainer. f Blocking was performed with 10% normal rabbit serum. g Mouse anti-CDV monoclonal antibody h at a dilution of 1:2,000, for 30 minutes at room temperature, was used as primary antibody. Biotinylated rabbit antimouse i at a dilution of 1:500 for 15 minutes was used at room temperature as a secondary antibody along with a horse radish peroxidasestreptavidin conjugate j at a dilution of 1:1,000. Nova Red k was used as a substrate. The sections were counterstained with Mayer's hematoxylin.
Reverse transcriptase-PCR analysis was performed using RNA extracted from the lungs of pups 1, 3, and 4, and yielded a product approximately 130 bp long, similar in size to the product for the CDV positive control (data not shown). Pup 2 tested negative for CDV in this experiment; however, its littermate, pup 3, was RT-PCR positive for CDV. Moreover, pup 2 had histologic pulmonary lesions similar to those in the other PCR-positive pups, and IHC analysis of the lungs from pup 2 probed with anti-CDVspecific antibody yielded a positive signal.
All pups had positive signal for CDV by use of IHC analysis. As shown in Fig. 2 , bronchial and bronchiolar epithelial cells stained positive for CDV antigen by use of IHC analysis. A few macrophages within the alveolar septa and in the alveoli also were positive for CDV (data not shown). Smooth muscle cells around airways and blood vessels and endothelial cells had nonspecific reaction to the secondary antibody.
Pups 2-4 were negative for canine parvovirus 1 (CPV-1) by results of PCR analysis, which was not performed on lungs from pup 1. Evidence of secondary, nonspecific, bacterial infection was observed in pups 1 and 4. Mycoplasma species PCR analysis was positive in pup 2 (secondary infection). On culture, lungs from pup 2 were negative for aerobic bacteria and Mycoplasma spp.
Although lesions of CDV infection in these pups were limited to the lungs, the infection most likely was generalized since CDV infects macrophages and is disseminated throughout the body. Indeed in pups 1 and 3, isolated mononuclear cells in the spleen were positive for CDV by use of IHC analysis (data not shown).
Results of RT-PCR analysis for CDV were negative for pup 2, whereas those of IHC analysis were positive. Results of RT-PCR and IHC analyses for CDV were positive in its littermate, pup 3. Although it is a sensitive test, RT-PCR analysis is dependent on the presence of sufficient intact viral RNA sequences complementary to the primers used. Various RNAses are released from tissues during autolysis and storage that could affect the availability of complimentary intact viral RNA. Also, nonspecific inhibitors of reverse transcriptase or DNA polymerase, or both, may be present in the tissue specimens (H. Van Campen, unpublished data).
Neonatal pups less a week old from immune-naïve dams are highly susceptible to experimentally induced CD viremia, with subsequent fatal encephalitis at postinoculation weeks 2-5. The infection is characterized by multifocal demyelination in the white matter without characteristic lymphoplasmacytic inflammation. In such experimentally induced infections, inclusion bodies of CDV were seen in multinucleate cells in the pulmonary parenchyma and lymphoid tissues and in the transitional urinary bladder and gastric epithelium. 8 Given these results, it is likely that, in the present series of cases, infection occurred in utero, since all submitted pups were ,2 weeks old. Transplacental transmission of CDV has been reported. 6 The manifestation of CD in transplacentally infected litters may depend on multiple variables including immune status of the dam and strain of CDV. In nonimmune, pregnant bitches raised under gnotobiotic conditions, subclinical infection to overt systemic disease was observed when various strains of CDV were used in experimentally induced infection. 7 Infection with one strain of CDV resulted in a clinically affected dam that aborted late-term, viable fetuses without evidence of fetal infection with CDV, whereas, another pregnant bitch that was challenged with a different strain, developed a subclinical infection and delivered near-term, viable fetuses that manifested lymphoid depletion, mild interstitial pneumonia, and intracytoplasmic inclusion bodies characteristic of CDV. In the same study, gnotobiotically derived pups from a third clinically normal bitch (inapparently infected), obtained from a commercial breeder, developed viremia and died due to CDV-associated encephalitis within 18-35 days after parturition. The 4 pups of this report most resemble the gnotobiotic pups from the naturally and inapparently infected dam; however, encephalitis was not detected in any of them. Instead they developed severe interstitial pneumonia and died of respiratory complications. These pups died within 12 days of birth, which could have precluded the development of CNS lesions. However, the exact duration of infection in these pups is unknown, and it would be difficult to predict when and if CNS lesions would have developed. It is, however, interesting to note that none of the pups from the 4 affected litters developed fatal CNS disease. They either died of severe interstitial pneumonia, or recovered, or remained asymptomatic and thrived.
Neonatal CDV infection is rarely diagnosed in submissions to the Colorado State Veterinary Diagnostic Labo- ratory. This is most likely attributed to transfer of passive immunity from the dam to the litter. Indeed, transplacental transfer of CDV-neutralizing antibody has been documented to afford protection to colostrum-deprived, gnotobiotic pups following experimentally induced infection, whereas failure of passive transfer of CDV-neutralizing antibody resulted in fatal encephalitis in experimentally infected pups. 10 However, presence of high CDV-neutralizing antibody titer in the bitch does not preclude overt, generalized disease in the offspring. 8 Those studies suggest that factors such as immune status of the dam, gestation stage at the time of infection, and viral strain can influence the transplacental transmission of CDV, resulting in variable disease in the litters.
Since the present submissions were from a specified geographic area (Douglas County, CO) and similar clinical and histopathologic disease patterns were observed, it is possible that the disease was caused by identical or similar CDV strains. All dams most likely had been previously exposed to CDV (vaccination and natural exposure), which might have resulted in inapparent infection in the dams. However, maternal exposure failed to protect the litters against infection with this particular strain. Alternatively, the virus might be more pathogenic in neonatal (immunologically immature) canids.
These cases represent an unusual presentation of CDV infection in neonatal dogs. Previous reports have associated CDV infection in neonatal animals with neurologic disease and generalized immune cell depletion, whereas overt respiratory tract disease is associated with postnatal infection. However, in this series of cases, the principal lesion was subacute interstitial pneumonia without CNS involvement or presence of intracytoplasmic inclusion bodies. Canine distemper should be considered in the differential diagnosis of neonatal canine mortality/fading puppy syndrome. 
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